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Summary 
1000 log books were issued to anglers of which 236 were 
returned, those from the rivers Derwent, Kent, Lune and 
Ribble accounted for the vast majority. 
The Derwent had the highest catch rate of these rivers: 
one salmon every 13.89 hours followed by the Lune, Kent 
and Ribble at 16.39, 18.87 and 35.71 hours, respectively. 
For sea trout the Lune, Derwent and Ribble had a catch 
rate of approximately one fish every 10.0 hours (9.8, 
10.0 and 10.64 hours),and for the Kent one fish per 16.1 
hours fished. 
Salmon angling visits were, in general,longer than those 
for sea trout being between 2 and 6 hours as opposed to 2 
to 4 hours. 
On the majority of visits (>80%) no fish were caught and 
was the same for salmon and sea trout. 
For salmon the majority of fish were caught on fly, 
spinner or worm, and the least on prawn. For sea trout 
fly predominated. 
The majority of salmon caught were less than 91b in 
weight and were presumed to be grilse (1 sea winter). The 
Ribble and the Eden had the highest proportion of fish 
caught which were greater than 91b, 38.5% and 34.8% 
respectively. The majority of the sea trout caught 
weighed between 1 and 31b. 
The pattern of catch,effort, CPUE,abundance and 
catchability for salmon and sea trout were modelled using 
the data from the rivers Derwent, Kent and Lune. Flow 
significantly influenced catch, effort and catchability 
of salmon which had entered in a particular month. For 
sea trout flow was not significantly correlated with any 
of the dependent variables. 
The catchability coefficient for salmon, determined from 
the total number of fish, remained relatively constant 
over the period June to October indicating that CPUE was 
a reasonable measure of within season abundance. This was 
not found to be the case for sea trout. 
For sea trout the catchability coefficient, determined 
from the monthly count of fish, was constant over the 
period May - October indicating that cumulative CPUE or 
mean monthly CPUE provide the best measure of within 
season abundance. 
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AN ANALYSIS OF MIGRATORY SALMONID CATCH EFFORT DATA, 
DERIVED FROM ANGLERS' LOG BOOKS, 1991. 
I. Introduction 
Catch is the basic measure of fishery performance. 
However in many instances there is little information on 
the effort involved in obtaining the catch. In 1989 
details of effort were requested as part of the annual 
catch return made by migratory salmonid anglers and took 
the form of total number of days fished on a particular 
river for that season. Though the data are suitable to 
examine trends in total migratory salmonid catch effort 
they are not refined enough to investigate what factors 
are influencing catch, nor are they divided into effort 
expended on salmon and sea trout. 
In order to obtain more detailed information on catch and 
effort a log book scheme was introduced, in 1991, where 
by the daily details of an individual's catch and effort 
could be recorded. The aim of the scheme being to provide 
data which will allow: 
1) Comparisons of fishery performance to be made 
both between and within rivers. 
2) To assess the influence of stock size on catch and 
effort on those catchments where abundance can be 
determined. 
3) An assessment of the influence of environmental 
factors, particularly flow, on the performance of the 
fishery. 
4) Provision of a means by which the actions of 
management on fishery performance can be assessed. 
This report summarises the catch and effort data 
collected from log books during 1991. 
II. Materials and Methods 
Anglers were asked to provide details of each angling 
trip, information was requested on where and when fishing 
was carried out, for how long and for which specie(s) 
together with details of the catch (Figure 1). The 
distribution of log books was mainly through Bailiffs 
encountering willing participants on the river bank. 
Catch per unit of effort (CPUE) was calculated as: 
total number of fish caught in period 
total time spent fishing in hours 
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Figure 1. Data recording sheet. 
REMEMBER: ONLY ONE TRIP TO BE RECORDED ON EACH PAGE-
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only visits where both catch and effort data had been 
recorded were used in the calculation of CPUE. 
Where anglers had recorded fishing for both salmon and 
sea trout at the same time, the time spent fishing was 
used in calculation of both salmon effort and sea trout 
effort. 
Confidence limits were determined assuming a Poisson 
distribution as follows: 
+/- 1.96*Sqrt(Mean/Number of observations) 
except in the case of weight where a normal distribution 
was assumed. 
On the rivers Derwent, Kent and Lune an estimate of 
abundance was available from resistivity fish counters 
(NRA(NW), 1991). The counts were separated into salmon, 
fish greater than 41b, and sea trout, less than 41b in 
weight (Appendix 1). This was determined from the size of 
the electrical signal produced as the fish traversed the 
counting electrodes. No correction was made for missing 
data. 
Catch data for salmon and sea trout were obtained from 
published catch statistics (NRA(NW), 1991). The number of 
fish present in the river system, at any one time, was 
estimated as cumulative count minus cumulative catch. 
CatchubiLity was estimated as: 
Catch per Unit Effort (Gulland, 1991) 
Abundance 
For each time period (month) two estimates of abundance 
were available; 
1) the total number of fish present in the system. For 
each month this was expressed in terms of the proportion 
available at the end of October (i.e. number in October = 
100). 
2) The proportion of the total number of fish counted 
between January and October which entered the system in a 
particular month, and termed monthly counts. 
Mean monthly flows for the rivers Derwent, Kent and Lune 
were obtained from Camerton, Sedgewick and Caton gauging 
stations, respectively (Appendix 2). 
Analysis was carried out using the statistical package 
Minitab. 
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III. Results 
IIIA. Number of Returns 
Of the 1000 log books issued to anglers 236 were 
returned. The number of anglers reporting fishing for 
salmon and sea trout, for each river is given in Table 1. 
Table 1. Number of anglers reporting fishing for salmon 
and sea trout. 
IIIB. Total Catch, Effort and CPUE - All Rivers 
The total catch and effort for salmon and sea trout is 
summarised in Tables 2 and 3, for each catchment. 
Table 2. Summary of annual catch and effort for salmon 
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Table 3. Summary of annual catch and effort for sea trout 
A monthly summary of catch, effort, and catch per unit 
effort, for each river, are presented in Appendix 3. 
IIIC. Number of Hours Fished per Visit 
Salmon anglers' visits ranged in length of time from 1 to 
16 hours and for sea trout from 1 to 14 hours. In general 
a visit spent salmon fishing was greater than one spent 
fishing for sea trout, the majority of the salmon visits 
ranged from 2 to 6 hours and for sea trout 2 to 4 hours 
(Figure 2 a & b). A breakdown of the time spent fishing 
for each species in each catchment, is summarised in 
Appendix 4. 
IIID. Number of Fish Caught per Visit 
For both salmon and sea trout the vast majority of visits 
were unsuccessful (>80%), no fish being caught. 
There was little difference in the success rate 
between the two species. This is illustrated in 
Figure 3 a & b, which summarises the success rate in 
those rivers where more than 20 visits had been recorded. 
The success rate for both salmon and sea trout for all 
catchments investigated is recorded in Appendix 4. 
IIIE. Trend in Catch, Effort and CPUE for Salmon in the 
Rivers Derwent, Kent and Lune 
Examination of trends in the data were confined to the 
rivers Derwent, Kent and Lune as these were the only 
rivers which had reliable estimates of abundance and had 
returns fron 15 or more anglers. In order to combine the 
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FIGURE 2. NUMBER OF HOURS FISHED PER VISIT 
A) SALMON 
FIGURE 2. NUMBER OF HOURS FISHED PER VISIT 
B) SEA TROUT 
FIGURE 3. NUMBER OF FISH CAUGHT PER VISIT 
A) SALMON 
FIGURE 3. NUMBER OF FISH CAUGHT PER VISIT 
B) SEA TROUT 
IIIF. Trend in the Abundance of Salmon in the Rivers 
Derwent, Kent and Lune 
The pattern of abundance, in the three rivers is shown in 
Figure 5 together with the trend in monthly counts of 
salmon, and could be described by the equations: 
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data from all three rivers the data were converted to 
proportions. 
The trend in the proportion of the total catch, effort 
and CPUE per month in the rivers, Derwent, Kent and Lune 
can be described for salmon by the equations: 
CSA = 76.79 + (0.465*M3) - (4.80*M2) r2 = 0.96 
E S A = 43.29 + (0.244*M3) - (2.42*M2) r2 = 0.92 
CPUESA = -3.08 + (0.041*M3) r2 = 0.83 
where CSA = proportion of total catch June - October 
E S A = proportion of total effort June - October 
CPUESA = proportion of total cpue June to October 
MSA = Month (value 6-10) 
and are shown in Figure 4. 
Only those months where there were > 15 visits per month 
were used in creating the model, for salmon this 
restricted the period to June.- October inclusive. 
The trend in catch and effort was to increase towards the 
end of the season, and was more rapid in the case of 
catch than in effort. In contrast CPUE increased steadily 
over the period. 
The pattern of catch and effort was significantly 
correlated with flow. Table 4 shows the correlation 
coefficients for the relationships between mean monthly 
flow, catch, effort and CPUE (all variables expressed as 
a proportion of the total between June and October). 
Table 4. Correlation coefficients for the relationship 
between monthly percentage flow, catch, effort and cpue 
for salmon. 
FIGURE 4. PROPORTION OF TOTAL CATCH OF SALMON, 
EFFORT, AND CPUE PER MONTH, FOR PERIOD 
JUNE - OCTOBER 
FIGURE 5. PATTERN OF ABUNDANCE FOR 
PERIOD JANUARY TO OCTOBER 
FIGURE 6. CATCHABILITY OF SALMON 
OVER THE PERIOD JUNE - OCTOBER. 
N S A = -1.85 + (0.115*M3) r2 = 0.95 
Log10 (R+1)SA = 0.76 - (0.70*M) - (0.012*M3) + (0.19*M2) 
r2 = 0.93 
where N S A = the total number of fish present in the 
system expressed as a proportion of the 
number at the end of October (i.e. number in 
October = 100). 
RSA = the proportion of the total number of fish 
entering the system in a particular month. 
M S A = Month (value 1 - 1 0 ) 
The number of fish present in the system increased 
throughout the season with the majority entering after 
the end of July. 
IIIG. Trend in the Catchability of Salmon in the Rivers 
Derwent, Kent and Lune 
Using the abundance and CPUE equations, the change in 
catchability of salmon over the period June to October, 
can be seen in Figure 6. 
It is evident that catchability as measured against the 
total population increased over the period June to 
October, such that the value by October was 33% greater 
than that in June. The increase was most marked between 
the first two months which accounted for 50.6% of the 
total increase. Catchability as measured against monthly 
counts appeared relatively stable until September, after 
which it increased markedly. 
The trend over the period June - October could be 
described by the equations: 
QN S A = -0.191 + (0.106*M) - (0.0054*M2) r2 = 0.99 
QRSA = 3.381 + (0.015*M3) - (0.164*M2) r2 = 0.97 
where QNSA = catchability determined from the total 
population in arbitrary units 
QRSA = catchability determined from the number of 
fresh run fish in arbitrary units 
M S A = Month (value 6 - 1 0 ) 
QRSA, similar to catch and effort, was significantly 
correlated with mean monthly flow, as predicted from the 
model (r = 0.98), given in Appendix 2. This indicates an 
increase in catchability of either the fresh run fish or 
of the resident population or a combination of both, and 
that it is flow dependent. 
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IIII. Trend in the Abumdance of Sea Trout in the Rivers 
Derwent, Kent and Lune 
Sea trout abundance, in terms of total number of fish 
and in terms of monthly counts over the period January to 
October could be described by the equations: 
N ST = -7.78 + (1.147*M2) r
2
 = 0.94 
Log10 (R+1)ST = 0.41 - (0.43*M) - (0.01*M3) + (0.15*M2) 
r2 = 0.81 
where NST> = the total number of fish present in the 
system expressed as a proportion of the 
number at the end of October (i.e. number in 
October = 100). 
RST 
M ST 
= the proportion of the total number of fish 
entering the system in a particular month. 
= Month (value 1 - 1 0 ) 
The trend in abundance is shown in Figure 8. 
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IIIH. Trend in Catch, Effort and CPUE for Sea Trout in 
the Rivers Derwent, Kent and Lune. 
For sea trout the trend in catch, effort and CPUE, 
between May and October, could be described in terms of a 
parabola (Figure 7), and represented by the equations: 
C S T = -155 + (35.6*M) - (0.196*M3) r2 = 0.59 
E S T = -114 + (27.3*M) - (0.151*M3) r 2 = 0.82 
CPUEST = -81.4 + (19.4*M) - (0.097*M3) r2 = 0.42 
where C S T = proportion of total catch May - October 
EST = Proportion of total effort May - October 
CPUEST = proportion of total cpue May - October. 
M S T = Month (value 5 - 1 0 ) 
All three dependent variables were significantly inter-
correlated, though not related to flow (Table 5). 
Table 5. Correlation coefficients for the relationship 
between monthly percentage flow, catch, effort and CPUE 
for sea trout. 
FIGURE 7. PROPORTION OF TOTAL CATCH OF SEA TROUT, 
EFFORT, AND CPUE PER MONTH, FOR PERIOD 
MAY - OCTOBER 
FIGURE 8. PATTERN OF ABUNDANCE FOR 
PERIOD JANUARY TO OCTOBER 
FIGURE 9. CATCHABILITY OF SEA TROUT 
OVER THE PERIOD MAY - OCTOBER 
IIIJ. Trend in the catchability of Sea Trout in the 
Rivers Derwent, Kent and Lune. 
The catchability of sea trout over the period May to 
October is shown in Figure 9, and with regard to the 
total population takes the form of a parabola. This is 
similar to that for catch, effort and CPUE, and can be 
described by the equation: 
QNST = -1.07 + (0.301*M) - (0.0018*M3) r2 = 0.72 
where QNST = catchability determined from the total 
population in arbitrary units 
MST = Month (value 5-10) 
The catchability estimated from monthly counts increased 
between May and June then remained relatively constant 
until September before increasing again in October. Over 
the period May to October the trend was not significantly 
different from zero, indicating that CPUE, and in fact 
catch and effort, provided an accurate estimate of the 
number of fish entering the river per month. 
IIIK. Catch of Salmon and Sea Trout by Method 
From the data collected it was not possible to determine 
the effectiveness of the various methods utilised to 
catch migratory salmonids, as no data were recorded on 
the length of time each method was used. However, the 
study does provide a breakdown of the catch according to 
method and indicates, for salmon, no clear domination of 
one particular method in the Region, though more were 
caught on worm, spinner and fly compared with prawn 
(Table 6). For sea trout fly clearly predominated (Table 
7). 
Table 6. Proportion of salmon caught by various methods. 
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Table 7. Proportion of sea trout caught by various 
methods. 
A monthly breakdown of catch according to method for each 
catchment is shown in Appendix 3. 
IIIL. Weight Composition of the catch 
The composition of the catch in terms of weight is shown 
in Table 8 a & b for salmon and sea trout respectively, a 
monthly breakdown is presented in Appendix 5. In the 
absence of any size : age data it is not possible to 
accurately separate catch into sea age categories or into 
year-classes. However if it is assumed for salmon that a 
weight of 91b effectively partitions 1SW (sea winter) 
from multi sea winter (MSW) fish, then it is apparent 
from Table 8a that the salmon catch consists 
predominantly of grilse (1SW). 
The catchment with the greatest proportion of MSW salmon 
(>91b) was the Ribble with 38.5% closely followed by the 
Eden with 34.8%. For sea trout, the majority were between 
1 and 3 lb, which probably represents a sea age of l or 2 
sea winters. 
IV. Discussion 
A reasonable response to the scheme was obtained from the 
rivers Derwent, Lune, Ribble and Kent. Relatively few 
anglers contributed to the log book scheme from the other 
rivers. The results from the latter will therefore have a 
large degree of bias and should therefore be viewed with 
caution. 
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Catch to a large extent will depend on the size of the 
system from which it is derived, as such catch per hour 
fished is likely to be a more equitable basis on which to 
compare fishery performance. 
Compared with other rivers within the British Isles 
(Table 9) the number of salmon caught per hour for the 
rivers Derwent, Lune, Kent and Ribble were lower than 
those from the Tamar and Foyle, but, except in the case 
of the Ribble, exceeded the catch per hour of the other 
British Isles rivers. Comparison with the Frome must be 
made with care as it represents the returns from the 
IFE's beat at East Stoke (2.4km, single bank, 12km 
upstream of tide, mon-thurs returns only) and may not be 
representative of the river as a whole. However of all 
the studies it does provide a measure of the variability 
of such data. 
There was no information available for sea trout for the 
rivers Frome, Tamar, Wye and Foyle. The number of sea 
trout caught per hour for the Lune, Derwent and Ribble 
compared favourably with that of the Tywi in 1991 which, 
of the rivers where comparable data existed, had the 
highest catch rate. 
Though the log books do provide a more accurate 
assessment of effort the scheme is voluntary and the 
returns may represent those of the more successful 
anglers and as such may not be representative of the 
angling effort as a whole. Certainly small and Downham 
(1985) found that CPUE from voluntary returns was usually 
greater than that derived from anglers whose return had 
been prompted. This has the effect of reducing the CPUE / 
for the fishery. 
It was not possible to follow up non return of log books 
with reminders. For operational reasons it was not 
practical to obtain names and addresses of all the 
anglers issued with a log book. 
A number of studies have documented the influence of flow 
on the catch of salmon (Alabaster, 1970; Bunt, 1990; 
Clarke et. al., 1990; Gee, 1980; Millichamp &_Lambert, 
1966). Similar findings were evident for the three rivers 
more intensively studied, Derwent, Kent and Lune. This 
relationship may, inpart, have been attributable to an 
increase in effort as well as to an increase in 
catchability. 
Tagging studies (Clarke et. al., 1990; Laughton, 1991; 
Solomon & Potter, 1991) have found that salmon are more 
susceptible to capture during the initial 20 days 
following entry into fresh water and then again towards 
the end of the fishing season (September - October). Such 
a behaviour pattern could explain the relatively stable 
catchability of the "fresh run" migrants (QRsA) between 
June and September and its subsequent increase in the 
autumn. 
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Table 9. Number of salmon and sea trout caught per 
hour fished, from rivers within the British Isles. 
Table 9 Continued. Number of salmon and sea trout 
caught per hour fished, from rivers within 
the British Isles. 
Source: Frome (Welton, pers. coram.); Tamar (Broad, pers. 
comm.); Wye (Gee, 1980), Tawe (Wightman, 1987; Stonehewer 
and Mee, 1993); Cleddau (SWWRB, 1968); Tywi (SWWRB, 1968; 
Evans, pers. comm.); Teifi (SWWRB, 1968); Conwy (Scott, 
1992); Dee (Davidson, 1992); Ribble, Lune, Kent & Derwent 
(This study); Foyle (Hadoke, 1967). 
* indicates provisional figures. 
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For sea trout, flow was not found to influence catch, 
effort, CPUE, abundance or catchability. A similar 
conclusion with regard to catch has been reported by Bunt 
(1990). 
For salmon, catchability determined from the total number 
of fish, estimated to be in the system (QNSA) was 
relatively constant,increasing at an average of 7.6% per 
month, during the period June - October. This indicates 
that CPUE provides a reasonably accurate estimate of the 
size of the adult stock in fresh water at any one time. 
Thus the number of salmon present at the end of the 
fishing season will be comparable to the catch per hour 
for October. The CPUE in October will be equivalent to a 
CPUE calculated from total season catch and effort, as 
used in Tables 2 and 10, if the relationship can be 
extrapolated to the period February to May. It can also 
be used for between year comparisons if a similar 
distribution of catch and effort, as evident in 1991, 
exists. However, the studies by Small(1990) and Peterman 
and Steer(1981) have shown, with annual data, that 
catchability is inversely related to abundance. If a 
similar relationship exists for within season data then 
catchability for the period February to May may be higher 
than that observed for the period June to October. It 
should be possible to investigate whether this is the 
case when a reasonable level of reporting of catch and 
effort for the period February to May has been achieved. 
The present study suggests that salmon catchability 
(QNSA) remains relatively constant over the period June 
to October, this contrast with the study of Mills et. a l . . 
(1986) which indicates that catchability is relatively 
high at the start of the season (June) declining 
exponentially as the season progressed. It is however 
apparent from their study that the catchability over the 
period July - October was reasonably constant. 
For sea trout, catchability showed a different pattern to 
that of salmon, being virtually constant for "fresh run" 
fish (QRST) and in the form of a parabola when 
considering the total number of sea trout (QNST). The 
latter following a similar trend to the migration 
pattern. 
The fact that QR ST remained relatively constant 
indicates, that for each month a constant portion of the 
run of "fresh run" fish is removed by a unit of effort. 
Therefore either summing the catch per unit effort for 
each month over the season or the mean would provide an 
index of the number of fish which had entered the system 
during the fishing season. 
The catchability of the total stock (QNST) reached its 
maximum during the summer, the suggestion is that the 
resident population remains relatively more catchable 
during this period. The decline in catchability towards 
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the autumn may be associated with the fact that the 
majority of sea trout were caught using fly and 
conditions for fly fishing deteriorate after mid august 
when air temperature drops below that of the water 
(Jarrams, 1987). Or that the resident population remain 
feeding during the summer months, and there is a decline 
in intensity towards autumn. Certain studies have 
indicated that sea trout feed while in fresh water (SRTI 
Annual Report XXX, cited by Mills et. al. (1986)) while 
others suggest that this is not the case (Harris, 1971). 
A decline from June to October was also reported in the 
study of Mills et. al. (1986) though in contrast to the 
present investigation their's was in the form of an 
exponential curve. 
The fact that catchability (QNST) was not constant 
indicates that CPUE will not provide an accurate 
assessment of within season abundance. However, as long 
as the catchability follows the same pattern, between 
year comparisons could be made using CPUE calculated from 
total season catch and effort. 
The accuracy of the estimate of catchability is dependent 
on having an accurate assessment of abundance. In this 
investigation abundance data were derived from fish 
counters. The study by Nicholson & Aprahamian (1992) has 
shown that the efficiency of the counter varies according 
to fish size. The consequence of this, is that the size 
of the sea trout population will be underestimated and 
the implications of this for QNST and QRST need to be 
further investigated. In addition it is important to 
assess the present method used to separate salmon and sea 
trout as well as determine some measure of the bias. 
There is also the possibility that if fish make repeated 
movements over the fish counter (Dunkley & Shearer, 
1982), and the downstream movement was not detected, the 
estimates of abundance will be inflated. It is important 
therefore to determine the extent of such behaviour and 
the consequences for stock assessment. 
In conclusion the study does suggest that CPUE can be 
used as an index of within season abundance though the 
measure of CPUE may differ between salmon and sea trout. 
However, the study only relates to data from one year and 
it is important to determine wether the pattern of 
catchability apparent, in 1991, is consistent between 
years. Further investigations are also required to 
examine between year variability in catchability, 
especially how it relates to stock size and the effect of 
environmental factors, in particular flow. 
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Appendix 1. 
The number of fish recorded by the fish counters on the 
rivers Derwent, Kent and Lune. 
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Appendix 3. 
Monthly catch, effort and catch per unit effort for 
salmon and sea trout. 
Catch of salmon and sea trout, by method. 
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Appendix 4. 
Number of salmon and sea trout caught per visit. 
Number of hours fished per visit. 
Number of salmon and sea trout caught per hour per visit. 
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Appendix 5. 
Weight of salmon and sea trout caught, per month. 
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